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Abstract
Background:  Despite the benefits of highly active antitretroviral therapy (HAART) for
suppressing viral replication in HIV infection, virus persists and rebounds during treatment
interruption (TI). This study explored whether HAART intensification with Remune™ vaccination
before TI can boost HIV-1-specific immunity, leading to improved control of viremia off HAART.
Methods: Ten chronically HIV-infected adults were enrolled in this proof of concept study. After
a 6-month HAART intensification phase with didanosine, hydroxyurea, granulocyte-macrophage
colony-stimulating factor, (GM-CSF), and a first dose of Remune™ (HIV-1 Immunogen), HAART
was discontinued. Patients continued to receive Remune™ every 3 months until the end of study.
HAART was restarted if viral load did not fall below 50,000 copies/ml of plasma within 3 months
or if CD4+ counts decreased to <200 cells/mm3. HIV-specific immunity was monitored with the
interferon-γ (IFN-γ) ELISPOT assay.
Results: All subjects experienced viral rebound during TIs. Although the magnitude and breadth
of HIV-specific responses to HLA-restricted optimal peptide panels and Gag p55 peptide pools
increased and viral load decreased by 0.44 log10 units from TI#1 to TI#2, no significant correlations
between these parameters were observed. The patients spent 50.4% of their 36 months follow up
off HAART.
Conclusion: Stopping HAART in this vaccinated population induced immune responses that
persisted after therapy was restarted. Induction of HIV-specific immunity beyond IFN-γ secretion
may be contributing to better control of viremia during subsequent TIs allowing for long periods
off HAART.
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Background
The introduction of highly active antiretroviral therapy
(HAART) to the management of patients infected with
HIV has significantly decreased mortality and morbidity
[1]. Although HAART suppresses HIV replication in a sig-
nificant proportion of HIV infected individuals, it is not
able to eradicate viral infection [2,3]. Serious side effects
and emergence of drug resistant virus provide the impetus
to explore alternatives to continuous HAART [4,5].
HIV specific CD8+ T cells contribute to the control of HIV
replication. The strongest evidence supporting this comes
from an animal model of HIV infection, macaques
infected with the simian immunodeficiency virus (SIV). In
SIV infected macaques CD8+ T cell depletion results in
increased viral load, which returns to pre-treatment values
when CD8+ T cells reemerge [6]. Several other observa-
tions support a role for CD8+ T cells in control of HIV.
These include viral escape from the CTL responses [7-10],
the temporal association between decline in viral load
and the emergence of CTL responses in HIV primary infec-
tion (PI) [11,12], the association of certain major histo-
compatibility complex (MHC) class I alleles and
heterozygosity at loci coding for these alleles with rate of
HIV disease progression [13,14] and the association
between HIV-specific CD8+ proliferative responses and
long term non progressor status [15]. Initiation of HAART
in the chronic phase of infection generally results in a
decline in the breadth and magnitude of the HIV-specific
responses in association with viral load control [16,17].
In order to boost HIV-specific immunity and limit expo-
sure to antiretroviral drugs, treatment interruptions (TI)
are being investigated. The rationale behind TI in HIV
infection is that stopping treatment allows reemergence of
autologous virus, which will boost virus specific immu-
nity that can contribute to subsequent viral load control.
In subjects who start HAART in acute HIV infection, the
breadth and magnitude of HIV-specific immune
responses is compromised compared with that seen later
in infection [18-20]. In these individuals, TIs have been
used after a period on HAART to expand HIV-specific
immunity [21]. This strategy of early initiation of HAART
followed by a controlled TI increased HIV-specific immu-
nity and transiently suppressed viral replication.
TI performed in the setting of chronic infection has been
largely unsuccessful in stimulating immunity that con-
trols viremia [22-24]. For this reason, therapeutic vaccina-
tion and immunomodulatory therapies, which boost
HIV-specific immunity are currently being investigated for
HAART treated chronically HIV-infected patients prior to
TI to determine whether they induce HIV-specific immu-
nity that improves viral load control off therapy. The use
of therapeutic HIV immunization (Remune™ – HIV-1
Immunogen) in chronic HIV infection to induce HIV-spe-
cific lymphoproliferative responses (LPR) is well docu-
mented. [25-28].
We present results on within-subject changes in HIV-spe-
cific immunity induced in HIV infected patients (n = 10)
in the chronic phase of infection who underwent therapy
intensification and vaccination with Remune™ before
multiple rounds of TI. We observed that the magnitude
and breadth of HIV-specific responses detected in IFN-γ
ELISPOT and intracellular cytokine secretion assays
increased from on treatment time points pre-TI#1 to pre-
TI#2. However, this increase in HIV-specific immune
response did not correlate with the decrease in the viral
load plateau seen during TI#1 to that seen during TI#2.
Although our results show that HAART intensification
and Remune™ vaccination were able to reduce and sustain
lower VL plateau during consecutive cycles of TI, this
reduction did not correlate with increases in HIV-specific
responses measured.
Methods
Patient population and study design
Ten healthy HIV infected adults in the chronic phase of
infection were enrolled in March 2000 in this proof of
concept trial. The research conformed with all ethical
guidelines of the authors' institutions and with human
experimentation guidelines of the US Department of
Health and Human Services. All participants signed
informed consent. At the time of enrollment, the 10
patients had a median age of 41 (range 36 to 51) years,
had been on antiretroviral therapy for a median of 4.6
(range 1.4 to11) years and had been on HAART for a
median of 2.7 (range 1.4 to 3.8) years, had HIV viral loads
(VL) <50 copies/ml for a median of 2 (range 0.5 to 2.1)
years, and median CD4+ T-cell counts of 385 (range 230
to 990) cells/mm3 (Table 1).
The treatment schedule included a 6-month HAART
intensification phase, during which didanosine (ddI) and
hydroxyurea (HU) were added to the existing regimen for
the first 5 months and granulocyte-macrophage colony-
stimulating factor (GM-CSF) for the first 3 months.
Remune™ (10 units of p24 antigen – 100 μg total protein,
in Incomplete Freund's Adjuvant) was given at month 5 of
the treatment intensification phase when HU was
stopped. All 10 patients completed another month of
therapy intensification with ddI and were vaccinated with
Remune™ at three-month intervals until the end of study.
Patients were monitored for 36 months after the first TI.
Blood samples were obtained at baseline, month 3, 6, of
the HAART intensification phase, and every 3 months for
36 months thereafter for virological and immunological
assessments. HAART and HU were resumed if VL did not
decrease to <50 000 copies within 3 months or if theJournal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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CD4+ counts decreased to <200 cells/mm3. HAART was
again interrupted when viral load was <50 HIV-1 RNA
copies/ml and CD4+ counts were >200 cells/mm3 meas-
ured on two occasions one month apart.
HIV quantification
Plasma viremia was determined using the Roche Amplicor
Assay (Roche Diagnostics, Mississauga, Ontario, Canada)
with a detection limit of 500 HIV-1 RNA copies/ml of
plasma. Samples falling below the detection limit were
retested with the ultrasensitive method (Ultradirect;
Roche Diagnostics) with a detection limit of 50 HIV-1
RNA copies/ml.
HLA typing
Genomic DNA for molecular HLA typing was prepared
from Epstein-Barr virus (EBV)-transformed B cell lines
using the QIAamp DNA blood kit (Qiagen, Mississauga,
Ontario, Canada). Each patient was typed for HLA class I
alleles using 95 primer sets amplifying defined MHC class
I alleles (ABC SSP Unitray; PelFreez Clinical Systems,
Brown Deer, Wisconsin, USA) [29]
Cells and Peptide Selection
Peripheral blood mononuclear cells (PBMC) were iso-
lated from blood collected in acid citrate dextrose antico-
agulant at each study visit by density gradient
centrifugation (Ficoll-Paque, Pharmacia, Upsala, Sweden)
and frozen in 90% fetal calf serum (GIBCO BRL Life Tech-
nologies, Burlington, Ontario, Canada), 10% dimethyl
sulfoxide (DMSO, Sigma, St. Louis MO). The HIV
epitopes used for PBMC stimulation were chosen from
the Los Alamos HIV Molecular Immunology Database
[30]. Optimal peptides of 8 to 10 aa in length restricted to
the MHC class I alleles expressed by the individuals being
tested were synthesized to greater than 85% purity by
solid phase synthesis using F-MOC chemistry (Sheldon
Biotechnology Center, Montreal, Quebec, Canada).
Twenty-mer peptides corresponding to HIV Gag p55 were
obtained from the National Institute of Biological Stand-
ards and Controls (Potters Bar Hertz, UK). These were
organized into pools containing peptides corresponding
to HIV Gag p17, p24 and p15. Each peptide in these pools
was present at a final concentration of 2.0 μg/ml. In addi-
tion, MHC restricted EBV- or cytomegalovirus (CMV)-
derived 8- to 10-mer optimal peptides were also synthe-
sized as described above and used as positive peptide con-
trol stimuli.
IFN-γ Enzyme-Linked Immunospot (ELISPOT) Assay
IFN-γ secretion by HIV-specific cells was quantified by
ELISPOT assay as described [20]. Panels of MHC restricted
stimulating peptides were designed for each study subject
and used to screen responses at each time point tested
(Table 2). Panels were composed of a median of 9 (range
6 to 11 peptides) restricted to a median of 2.5 (range 2 to
5) MHC class I alleles. In addition Gag p17, p24, and p15
peptide pools were also used as stimuli. Cells were plated
at both 2 × 105 cells/well and 5 × 104 cells/well for each
peptide condition. Anti-CD3 monoclonal antibody
(mAb) (Research Diagnostics, Flanders, NJ) and immun-
odominant CMV/EBV derived peptides were used as pos-
itive control stimuli whereas medium was used as a
negative control. The frequency of reactivity of anti-CD3
and EBV/CMV peptides stimuli occurring in longitudi-
nally collected samples was used to control for between-
time point variability in cell responsiveness. Results are
expressed as spot-forming cells (SFCs)/106 PBMC after
subtraction of negative controls. A positive response met
the criteria of having at least 5 spots per well and at least
2-fold more spots than the negative control wells.
Statistical analyses
Data were analyzed by using GraphPad InStat statistical
software, version 3.06 [(2003) GraphPad Software, San
Diego, California, USA]. Two-tailed nonparametric Wil-
coxon matched-pairs signed-ranks tests were used to
assess differences in VL, the magnitude and breadth of
HIV-specific responses, and the percentage of Gag p55-
specific CD4+ and CD8+ T-cells between each TI. Nonpar-
Table 1: Study Population Characteristics
Patient No. MHC Class I Before HAART Intensification Before First Treatment Interruption (TI)
A B C CD4 Cell Count (cells/mm3) CD4 Cell % CD4 Cell Count (cells/mm3) CD4 Cell %
14001 A2/A26 B18/B39 Cw7/Cw12 990 30 1120 33
14002 A2/A1 B60/B51 Cw3/Cw14 330 25 280 25
14003 A1/A3 B7/B8 Cw7/- 650 25 590 27
14004 A2/A3 B38/B44 Cw5/Cw12 400 19 370 22
14005 A3/A69 B35/B44 Cw12/Cw7 230 21 510 27
14006 A1/- B8/B57 Cw6/Cw7 440 23 410 24
14007 A36/A68 B7/B53 Cw4/Cw7 370 16 320 17
14008 A1/A68 B8/B60 Cw3/Cw7 350 14 720 19
14009 A3/A29 B35/B44 Cw4/Cw16 710 37 800 38
14010 A2/A66 B7/B14 Cw7/Cw8 290 24 370 37
Median (range) 476 (230–990) 23.4 (16–37) 549 (280–1120) 25.9 (17–38)Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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ametric Spearman rank correlations were used to correlate
the VL improvements with both increases in the magni-
tude of HIV-specific responses and changes in breadth of
these responses between the 1st  and 2nd TI. The total
immune responses generated were expressed as the area
under the curve (AUC) calculated from total HIV-specific
responses over time for each patient. Nonparametric
Spearman rank correlations were used to evaluate the cor-
relation between the total HIV-specific immune responses
and the number of days patients were able to stay off
HAART. All tests for statistical significance were two-tailed
and p values <0.05 were considered significant.
Results
Changes in HIV-specific immune responses
PBMC samples from all time points were screened for
HIV-specific IFN-γ secretion using panels of optimal
epitopes restricted to the MHC class I alleles of the indi-
viduals being tested. These samples were also screened by
IFN-γ ELISPOT assay with Gag peptides pools correspond-
ing to HIV Gag p55. Figure 1 and 2 shows the breadth and
magnitude of the response to the optimal peptide panels
used to screen each individual. The magnitude of the
responses to the HIV peptide panels were compared
before 1, 2 and 3 TIs at time points where subjects were on
HAART in order to assess whether changes in HIV-specific
responses occurred with increasing numbers of TI (Figure
3). For the peptide panel stimuli, the magnitude of the
HIV response increased from 102 ± 137 SFC/106 PBMC at
TI#1 to 559 ± 483 SFC/106 PBMC at TI#2 and 579 ± 688
SFC/106 PBMC at TI#3 (Figure 3A). However, the increase
in the magnitude of the response to peptide panels was
only statistically significant for comparisons between TI#1
and TI#2 (p = 0.016, Wilcoxon matched-pairs signed-
ranks test). For Gag p55 specific responses, a significant
increase in magnitude was seen from TI#1 (336 ± 409
SFC/106 PBMC) to TI#2 (1090 ± 1290 SFC/106 PBMC) (p
= 0.039). No further increase in the magnitude of the HIV
Gag specific response was evident from TI#2 to TI#3 (789
± 1345 SFC/106 PBMC) (Figure 3B). The breadth of the
response to the HIV peptide panels (Figure 3C) also
increased significantly between TI#1 (0.78 ± 0.83 pep-
tides) and TI#2 (2.78 ± 1.99 peptides) (p = 0.031) but did
not increase further at TI#3 (2.22 ± 2.59 peptides).
Table 2: List of MHC class I-restricted peptides used as stimuli
Peptide ID Sequence Location Sequence MHC Restriction (s)
A1-1 p17 (71–79) GSEELRSLY A1
A1-2 Nef (121–128) FPDWQNYT A1
A1-3 Nef (184–192) RFDSRLAFH A1
A2-1 p17 (77–85) SLYNTVATL A2
A2-2 RT (309–317) ILKEPVHGV A2
A2-3/A3-1 Nef (190–198) AFHHVAREL A2, A3
A2-4 p24 (19–27) TLNAWVKVV A2
A2-5 RT (179–187) VIYQYMMDL A2
A2-6 CMV NLVPMVATV A2
A3-2 EBV IVTDFSVIK A3, A11, A6801
B7-1 p24 (47–56) ATPQDLNTML B7, B58
B7-2 p24 (16–24) SPRTLNAWV B7
B7-3/B35-1 Nef (68–77) FPVTPQVPLR B7, B35
B7-4 Nef (128–137) TPGPGVRYPL B7
B7-5 CMV TPRVTGGGAM B7
B7-6 EBV RPPIFIRRL B7
B8-1 p24 (127–135) GEIYKRWII B8
B8-2 Nef (90–97) FLKEKGGL B8
B8-3 p17 (24–31) GGKKKYKL B8
B8-4 RT (18–26) GPKVKQWPL B8
B8-5 p17 (93–101) EIKDTKEAL B8, B60
B8-6 EBV FLRGRAYGL B8
B35-2 RT (175–183) HPDIVIYQY B35
B35-3 gp160 (41–51) GVPVWKEATTT B35
B35-4/B7-7 RT (156–166) SPAIFQSSMTK A3, A3.1, A11, A6801, A33, B7, 
B35
B35-5 Nef (73–82) QVPLRPMTYK A3, A11, A31, B27, B35
B44-1 p24 (174–184) AEQASQDVKNW B44, B57, Cw4
B44-2 p24 (162–172) RDYVDRFYKTL B18, B2601, B44, B70
B44-3 RT (203–212) EELRQHLLRW B44
B44-4 RT (397–406) TWETWWTEYW B44
Cw7-1 gp160 (37–46) TVYYGVPVWK A3, A6801, A11, Cw7Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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To compare the fate of HIV-specific IFN-γ secretion
between the study population and individuals in the
chronic phase of infection on continuous HAART that
suppresses viremia to undetectable levels but who do not
undergo therapy intensification, vaccination or TI, nine
historical controls of a similar age and absolute CD4
count to the study population were assembled. The con-
tinuously treated controls were screened with an MHC
class I restricted HIV peptide panel at 2 on-HAART time
points separated by a time interval similar to that between
pre-TI#1 and pre-TI#2 time points in the study population
(p = 0.45; Mann-Whitney test). The size of the peptide
panels used for both the study population and the con-
trols was similar. The magnitude of the IFN-γ responses in
continuously treated controls to the peptide panels tested
did not change significantly from the first to the second
time point tested (data not shown). Furthermore, com-
parison of the magnitude of the change in IFN-γ responses
from the first to the second time point differed signifi-
cantly in these two populations (-240 ± 331 versus +457
± 475 SFC/106 PBMC in the controls and the study popu-
lation, respectively, p = 0.0028; Mann-Whitney test) (Fig-
ure 3D).
In order to determine whether changes in HIV-specific
immunity occurred in the CD4+ or CD8+ cell compart-
ments (or both) we also measured percent of HIV Gag p55
specific IFN-γ secreting CD4+ and CD8+ cells by ICS as
described [31]. Although changes in HIV-specific IFN-γ
secretion responses detected by ICS displayed a similar
trend in both compartments to that observed using the
ELISPOT assay, none of these differences was statistically
significant (not shown).
Timing of appearance and magnitude of HIV-specific 
immune responses with control of VL after HAART is 
withdrawn
The VL plateau decreased 0.44 log10 units from that seen
at TI#1 to TI#2 (p = 0.004, Wilcoxon matched-pairs
signed-ranks test). The average VL decreased 0.48 log10
units from TI#1 to TI#3 (p = 0.055) (Figure 4A). Despite
this, no correlation was evident between VL decrease with
either the increase in the magnitude or the breadth of
HIV-specific immune response to HLA-restricted optimal
peptide panel (Figures 4B and 4C) and Gag p55 peptide
pools (data not shown); VL decrease is defined as the dif-
ference between TI#1 and TI#2 VL plateaus; increase in the
magnitude of HIV-specific immune responses is the differ-
ence in number of SFC/106 PBMC between TI#1 and TI#2
to the peptide panel; increase in breadth of HIV-specific
immune responses is the difference in the number of
epitopes recognized between TI#1 and TI#2.
The participants in this trial spent an average of 50.4% of
the 36 months they were followed after stopping therapy
for the first time off HAART. We therefore investigated
whether there was a correlation between the percentage of
time off HAART and the total HIV-specific immune
responses to either the peptide panel tested or pools of
peptides corresponding to HIV Gag p55. No significant
association between these parameters was observed (not
shown)
Discussion
This report presents results on changes in HIV-specific
immune responses in 10 subjects in the chronic phase of
infection with undetectable HIV VL on HAART at study
entry. All underwent 6 months of therapy intensification
and received an initial dose of the therapeutic vaccine
Remune™ before stopping HAART and all of them
received Remune™ every 3 months for a total of 11 doses.
Treatment was restarted if rebound VL did not decrease to
<50 000 copies within 3 months or if the CD4+ counts
decreased to <200 cells/μl during TI. HAART was again
interrupted when viral load was <50 HIV-1 RNA copies/
ml and CD4+ counts were >200 cells/mm3 on two occa-
sions one month apart.
We found that the average VL plateau decreased signifi-
cantly with TI#1 to TI#2. Although both magnitude of
breadth of immune responses to the screening peptide
panel and Gag p55 peptide pools increased significantly
from TI#1 to TI#2, no correlation between changes in VL
and changes in immune response were detected. Patients
were able stay off HAART for 50.4% of the time over 36
months of follow up. No correlation between the percent-
age of days off HAART and the immune responses gener-
ated was detected.
Subject 14003 was able to maintain viral load to below 40
000 copies/ml after one TI and remained off therapy for
the reminder of the study and was not included in the
analysis (mean VL of 27 288 copies/ml over 968 days).
The VL in subject 14008 remained below 42 000 copies/
ml of plasma (mean VL of 13 937 copies/ml over 637
days) after 2 TIs. This individual was included in compar-
isons between TI#1 and TI#2, but no data was available
for this individual for TI#3. It should be noted that the
absence of statistical significance between the compari-
sons of breadth and magnitude of HIV-specific immune
responses may be related to the small size of comparison
groups.
The increase in the breadth and magnitude of IFN-γ
responses to the peptide panel tested from the time point
prior to TI#1 to the time point prior to TI#2 differs from
the fate of these parameters for HIV-specific responses
observed in chronically infected subjects on continuous
HAART that suppresses VL to below 50 copies/ml of
plasma. First, the magnitude of the IFN-γ responses inJournal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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Results of IFN-γ ELISPOT assay for patient 001 to 005 Figure 1
Results of IFN-γ ELISPOT assay for patient 001 to 005. The left y-axis shows the number of spot forming cells (SFC)/
106 PBMC. Each stacked bar shows the number of SFC/106 PBMC generated to the peptide panel tested at each clinic visit. The 
height of the stacks in each the bar represents the number of SFC/106 PBMC induced by each positive stimulus. The height of 
the bar is the cumulative magnitude of the response to the peptide panel tested. The number over the bar is the number of 
peptides in the panel recognized at that time point. The shaded areas are the intervals off HAART. Also shown are viral load 
determinations at each time point keyed to the right y-axis.Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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Results of IFN-γ ELISPOT assay for patient 006 to 010 Figure 2
Results of IFN-γ ELISPOT assay for patient 006 to 010. See the legend for Figure 1.Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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Comparison of the magnitude and breadth of HIV-specific responses between TI#1, TI#2, and TI#3 Figure 3
Comparison of the magnitude and breadth of HIV-specific responses between TI#1, TI#2, and TI#3. A. The 
magnitude of responses to peptide panels increased significantly by a mean of 457 SFC/106 PBMC from TI#1 to the TI#2 (p = 
0.016), and 20 SFC/106 PBMC from the TI#2 to TI#3 (n.s.). B. The magnitude of responses to Gag p55 peptide pools increased 
by a mean of 754 SFC/106 PBMC from the TI#1 to TI#2 (p = 0.039), and decreased by a mean of 302 SFC/106 PBMC from the 
TI#2 to TI#3 (n.s) C. The breadth of responses to the HIV peptide panels used for screening increased significantly by a mean 
of 2.00 peptides from the TI#1 to TI#2 (p = 0.031) and decreased by a mean of 0.56 peptides from the TI#2 to TI#3 (n.s.) D. 
Comparison of the magnitude of the change in IFN-γ responses from the first to the second time point tested in continuously 
treated HIV-infected subjects (controls) and between TI#1 and TI#2 in the study population. The bar in each scatter plot 
shows the mean change in SFC/106 PBMC. The magnitude of the change differed significantly between the controls and the 
study population (-240 ± 331 versus +457 ± 475 SFC/106 PBMC respectively, p = 0.0028; Mann-Whitney test); n.s.= not signif-
icant.Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
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Correlation between VL and HIV-specific responses Figure 4
Correlation between VL and HIV-specific responses. A significant reduction of 0.44 log10 unit occurred from TI#1 VL 
plateau to TI#2 VL plateau (p = 0.004) and decreased 0.48 log10 units from TI#1 VL plateau to TI#3 VL plateau (p = 0.055). 
Despite this, no correlation was evident between VL improvement and either the increase in the magnitude or the breadth of 
HIV-specific immune response; VL improvement is the difference between the TI#1 and TI#2 VL plateau; increase in the mag-
nitude is the difference in SFCs between TI#1 and TI#2; increase in breadth is the difference in the number of epitopes recog-
nized between TI#1 and TI#2.Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
Page 10 of 12
(page number not for citation purposes)
continuously treated controls did not change significantly
from the first to second time tested and the change in
magnitude of IFN-γ responses from the first to the second
time point differed significantly in these two populations.
This supports the conclusion that the study population
interventions including treatment intensification, vacci-
nation and TI led to expansion of HIV-specific immunity.
Several factors may account for the lack of correlation
between the increase in the magnitude and breadth of
HIV-specific immune responses measured by IFN-γ ELIS-
POT and VL decrease from TI#1 to TI#2. First, the use of
optimal peptide panels and Gag peptide pools corre-
sponding to reference strain HIV isolates rather than
autologous sequences may underestimate the true extent
of HIV specific immunity [32]. Although the same set of
stimuli were used to assess HIV-specific IFN-γ secretion at
all time points, it is possible that the accumulation of viral
sequences changes no longer recognized by HIV-specific
cells with time reduces the correlation between this func-
tion of HIV-specific cells and VL control.
Second, the cytolytic activity of CD8+ T-cells is believed to
be important in controlling the viral burden in HIV infec-
tion. Since IFN-γ secretion has been shown to be a surro-
gate for the level of CD8+ T-cell effector activity, IFN-γ
ELISPOT and ICS are the standard techniques used to
screen for antigen specific CTL [33]. However, recent stud-
ies have shown that lysosomal-associated membrane pro-
tein-1 (LAMP-1 or CD107a) expression on the cell surface
could be a better marker for CD8+ T-cell cytolysis.
CD107a has been shown to be upregulated following
antigenic stimulation coupled with degranulation and the
release of perforin [34,35]. Moreover, studies in chronic
viral infection in murine models have shown that there is
a hierarchical exhaustion of CD8+ T-cell functions. Virus-
specific memory CD8+ T-cells progressively loose their
functional capabilities in response to viral antigen recog-
nition starting with the inability to secrete interleukin-2
(IL-2), and reduced proliferative and lytic activity. Next,
the ability to secrete tumor-necrosis factor alpha (TNF-α)
wanes [36]. IFN-γ secretion is the CD8+ T cell function
most resistant to exhaustion. Therefore, the measurement
of HIV-specific IFN-γ-secreting CD8+ T-cells might reflect
an incomplete picture of HIV-specific immune responses
best associated with suppression of viral replication.
As well, recent reports have shown that the breadth and
magnitude of HIV-specific IFN-γ responses to all
expressed HIV genes do not correlate with either VL or
with rate of CD4+ T cell decline [37,38]. While it is fairly
well established that HIV-specific CD8+ cells do mediate
anti-viral activity, it may be that other functions of these
cells correlate better with control of HIV replication than
IFN-γ secretion. Studies with HIV infected long-term non-
progressors (LTNPs) showed that they have elevated HIV-
specific proliferative capacity coupled to increased per-
forin expression when compared to HIV infected disease
progressors [15]. Moreover, LTNPs possess an enhanced
CD8 T-cell functional profile compared with progressors
including maintenance of polyfunctional responses such
as TNF-α and IL-2 secretion in addition to other functions
[39]. Furthermore, aviremic patients treated during pri-
mary infection have increased HIV proliferative capacity
as well as ability to maintain an HIV-specific IL-2-secret-
ing CD4+ T-cell population when compared to viremic
patients [40]. These studies suggest that it is the quality
(HIV-specific IL-2 secretion and proliferation in particu-
lar), rather than the quantity of HIV-specific responses
that may be better immune correlates of viral control.
Conclusion
In summary our study showed that HAART intensification
with GM-CSF, ddI and HU followed by Remune™ vaccina-
tion augmented HIV-specific IFN-γ secretion from TI#1 to
T1#2 with a corresponding significant decrease in VL.
However, no correlation could be established between
these two phenomena. Patients were able to stay off
HAART for 50.4% of the period of the study. TIs are an
important part of the clinical management of HIV
infected subjects because of the potential cost saving,
reversion of drug-resistant virus to drug sensitive variants,
and patients' request for a break from their medications.
Therefore, the immunological and virological benefits
observed in this proof of concept study warrant further
studies with a larger patient population to identify poten-
tial protective HIV-specific immune responses induced by
this therapeutic strategy of TI in combination with
Remune™ vaccination. In addition, recent studies with
Remune vaccination in chronic HIV-infected patients
showed an induction of polyfunctional HIV-specific
CD8+ T-cells with increased proliferative capacity, IL-2,
MIP-1β, IFN-γ, and TNF-α secretion [41]. Thus, future
immune monitoring for T-cell responses vaccine trials
should include not only IFN-γ secretion, but also poly-
chromatic flow cytometry to assess proliferation, degran-
ulation, other cytokine and chemokine secretion as well.
Competing interests
The author(s) declare that they have no competing inter-
ests.
Authors' contributions
KHH was involved in data acquisition, data analysis, and
drafted the manuscript. MPB and FC carried out data
acquisition. ML participated in the design of the study and
data analysis. DZ contributed to the study design. LC was
involved in the design and coordination of the study. ET
conceived of the study and edited the manuscript. NFB
contributed to the study design, participated in data anal-Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
Page 11 of 12
(page number not for citation purposes)
ysis, and critically revised the manuscript for important
intellectual content. All authors read and approved the
final manuscript.
Acknowledgements
The authors wish to express their gratitude to the study participants. In 
addition the authors would like to thank the CTN 140 study group, Alefia 
Merchant and Nancy Simic for their technical expertise. This work was sup-
ported by grants from the Canadian Foundation for AIDS Research (CAN-
FAR) # 013–521 and #015–509 and the Fonds de Recherche en Santé du 
Québec AIDS and Infectious Diseases Network. The CTN 140 investiga-
tor-initiated pilot trial (PI. E. Toma) was supported by grants from Canadian 
HIV Trials Network (CTN).
References
1. Palella FJ Jr., Delaney KM, Moorman AC, Loveless MO, Fuhrer J, Sat-
ten GA, Aschman DJ, Holmberg SD: Declining morbidity and
mortality among patients with advanced human immunode-
ficiency virus infection. HIV Outpatient Study Investigators.
N Engl J Med 1998, 338:853-860.
2. Chun TW, Stuyver L, Mizell SB, Ehler LA, Mican JA, Baseler M, Lloyd
AL, Nowak MA, Fauci AS: Presence of an inducible HIV-1 latent
reservoir during highly active antiretroviral therapy.  Proc Natl
Acad Sci U S A 1997, 94:13193-13197.
3. Wong JK, Hezareh M, Gunthard HF, Havlir DV, Ignacio CC, Spina CA,
Richman DD: Recovery of replication-competent HIV despite
prolonged suppression of plasma viremia.  Science 1997,
278:1291-1295.
4. Lucas GM, Chaisson RE, Moore RD: Highly active antiretroviral
therapy in a large urban clinic: risk factors for virologic fail-
ure and adverse drug reactions.  Ann Intern Med 1999, 131:81-87.
5. Jain RG, Furfine ES, Pedneault L, White AJ, Lenhard JM: Metabolic
complications associated with antiretroviral therapy.  Antiviral
Res 2001, 51:151-177.
6. Schmitz JE, Kuroda MJ, Santra S, Sasseville VG, Simon MA, Lifton MA,
Racz P, Tenner-Racz K, Dalesandro M, Scallon BJ, Ghrayeb J, Forman
MA, Montefiori DC, Rieber EP, Letvin NL, Reimann KA: Control of
viremia in simian immunodeficiency virus infection by CD8+
lymphocytes.  Science 1999, 283:857-860.
7. Borrow P, Lewicki H, Wei X, Horwitz MS, Peffer N, Meyers H, Nel-
son JA, Gairin JE, Hahn BH, Oldstone MB, Shaw GM: Antiviral pres-
sure exerted by HIV-1-specific cytotoxic T lymphocytes
(CTLs) during primary infection demonstrated by rapid
selection of CTL escape virus.  Nat Med 1997, 3:205-211.
8. Goulder PJ, Phillips RE, Colbert RA, McAdam S, Ogg G, Nowak MA,
Giangrande P, Luzzi G, Morgan B, Edwards A, McMichael AJ, Row-
land-Jones S: Late escape from an immunodominant cytotoxic
T-lymphocyte response associated with progression to
AIDS.  Nat Med 1997, 3:212-217.
9. Leslie AJ, Pfafferott KJ, Chetty P, Draenert R, Addo MM, Feeney M,
Tang Y, Holmes EC, Allen T, Prado JG, Altfeld M, Brander C, Dixon
C, Ramduth D, Jeena P, Thomas SA, St John A, Roach TA, Kupfer B,
Luzzi G, Edwards A, Taylor G, Lyall H, Tudor-Williams G, Novelli V,
Martinez-Picado J, Kiepiela P, Walker BD, Goulder PJ: HIV evolu-
tion: CTL escape mutation and reversion after transmission.
Nat Med 2004, 10:282-289.
10. Jones NA, Wei X, Flower DR, Wong M, Michor F, Saag MS, Hahn BH,
Nowak MA, Shaw GM, Borrow P: Determinants of human
immunodeficiency virus type 1 escape from the primary
CD8+ cytotoxic T lymphocyte response.  J Exp Med 2004,
200:1243-1256.
11. Koup RA, Safrit JT, Cao Y, Andrews CA, McLeod G, Borkowsky W,
Farthing C, Ho DD: Temporal association of cellular immune
responses with the initial control of viremia in primary
human immunodeficiency virus type 1 syndrome.  J Virol 1994,
68:4650-4655.
12. Borrow P, Lewicki H, Hahn BH, Shaw GM, Oldstone MB: Virus-spe-
cific CD8+ cytotoxic T-lymphocyte activity associated with
control of viremia in primary human immunodeficiency
virus type 1 infection.  J Virol 1994, 68:6103-6110.
13. Carrington M, Nelson GW, Martin MP, Kissner T, Vlahov D, Goedert
JJ, Kaslow R, Buchbinder S, Hoots K, O'Brien SJ: HLA and HIV-1:
heterozygote advantage and B*35-Cw*04 disadvantage.  Sci-
ence 1999, 283:1748-1752.
14. Trachtenberg E, Korber B, Sollars C, Kepler TB, Hraber PT, Hayes E,
Funkhouser R, Fugate M, Theiler J, Hsu YS, Kunstman K, Wu S, Phair
J, Erlich H, Wolinsky S: Advantage of rare HLA supertype in
HIV disease progression.  Nat Med 2003, 9:928-935.
15. Migueles SA, Laborico AC, Shupert WL, Sabbaghian MS, Rabin R, Hal-
lahan CW, Van Baarle D, Kostense S, Miedema F, McLaughlin M, Ehler
L, Metcalf J, Liu S, Connors M: HIV-specific CD8+ T cell prolifer-
ation is coupled to perforin expression and is maintained in
nonprogressors.  Nat Immunol 2002, 3:1061-1068.
16. Ogg GS, Jin X, Bonhoeffer S, Moss P, Nowak MA, Monard S, Segal JP,
C a o  Y ,  R o w l a n d - J o n e s  S L ,  H u r l e y  A ,  M a r k o w i t z  M ,  H o  D D ,
McMichael AJ, Nixon DF: Decay kinetics of human immunode-
ficiency virus-specific effector cytotoxic T lymphocytes after
combination antiretroviral therapy.  J Virol 1999, 73:797-800.
17. Kalams SA, Goulder PJ, Shea AK, Jones NG, Trocha AK, Ogg GS,
Walker BD: Levels of human immunodeficiency virus type 1-
specific cytotoxic T-lymphocyte effector and memory
responses decline after suppression of viremia with highly
active antiretroviral therapy.  J Virol 1999, 73:6721-6728.
18. Dalod M, Dupuis M, Deschemin JC, Goujard C, Deveau C, Meyer L,
Ngo N, Rouzioux C, Guillet JG, Delfraissy JF, Sinet M, Venet A:
Weak anti-HIV CD8(+) T-cell effector activity in HIV pri-
mary infection.  J Clin Invest 1999, 104:1431-1439.
19. Altfeld M, Rosenberg ES, Shankarappa R, Mukherjee JS, Hecht FM,
Eldridge RL, Addo MM, Poon SH, Phillips MN, Robbins GK, Sax PE,
Boswell S, Kahn JO, Brander C, Goulder PJ, Levy JA, Mullins JI, Walker
BD: Cellular immune responses and viral diversity in individ-
uals treated during acute and early HIV-1 infection.  J Exp Med
2001, 193:169-180.
20. Alter G, Merchant A, Tsoukas CM, Rouleau D, LeBlanc RP, Cote P,
Baril JG, Thomas R, Nguyen VK, Sekaly RP, Routy JP, Bernard NF:
Human immunodeficiency virus (HIV)-specific effector CD8
T cell activity in patients with primary HIV infection.  J Infect
Dis 2002, 185:755-765.
21. Rosenberg ES, Altfeld M, Poon SH, Phillips MN, Wilkes BM, Eldridge
RL, Robbins GK, D'Aquila RT, Goulder PJ, Walker BD: Immune
control of HIV-1 after early treatment of acute infection.
Nature 2000, 407:523-526.
22. Oxenius A, Price DA, Gunthard HF, Dawson SJ, Fagard C, Perrin L,
Fischer M, Weber R, Plana M, Garcia F, Hirschel B, McLean A, Phillips
RE: Stimulation of HIV-specific cellular immunity by struc-
tured treatment interruption fails to enhance viral control in
chronic HIV infection.  Proc Natl Acad Sci U S A 2002,
99:13747-13752.
23. Oxenius A, McLean AR, Fischer M, Price DA, Dawson SJ, Hafner R,
Schneider C, Joller H, Hirschel B, Phillips RE, Weber R, Gunthard HF:
Human immunodeficiency virus-specific CD8(+) T-cell
responses do not predict viral growth and clearance rates
during structured intermittent antiretroviral therapy.  J Virol
2002, 76:10169-10176.
24. Oxenius A, Hirschel B: Structured treatment interruptions in
HIV infection: benefit or disappointment?  Expert Rev Anti Infect
Ther 2003, 1:129-139.
25. Turner JL, Kostman JR, Aquino A, Wright D, Szabo S, Bidwell R,
Goodgame J, Daigle A, Kelley E, Jensen F, Duffy C, Carlo D, Moss RB:
The effects of an HIV-1 immunogen (Remune) on viral load,
CD4 cell counts and HIV-specific immunity in a double-blind,
randomized, adjuvant-controlled subset study in HIV
infected subjects regardless of concomitant antiviral drugs.
HIV Med 2001, 2:68-77.
26. Moss RB, Giermakowska WK, Wallace MR, Savary JR, Jensen FC,
Carlo DJ: Cell-mediated immune responses to autologous
virus in HIV-1-seropositive individuals after treatment with
an HIV-1 immunogen.  AIDS 2000, 14:2475-2478.
27. Moss RB, Brandt C, Giermakowska WK, Savary JR, Theofan G, Zan-
etti M, Carlo DJ, Wallace MR: HIV-specific immunity during
structured antiviral drug treatment interruption.  Vaccine
2003, 21:1066-1071.
28. Fernandez-Cruz E, Moreno S, Navarro J, Clotet B, Bouza E, Carbone
J, Pena JM, Perez MJ, Podzamczer D, Rubio R, Ocana I, Pulido F,
Viciana P, Maradona JA, Blazquez R, Barros C, Quereda C, Rodriguez-
Sainz C, Gil J, Abad ML, Diaz L, Canto C, Munoz MA, Ferrer E, Jou A,
Sirera G, Diaz M, Lopez F, Gatell JM, Gonzalez-Lahoz J: Therapeutic
immunization with an inactivated HIV-1 Immunogen plusPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
Journal of Immune Based Therapies and Vaccines 2006, 4:7 http://www.jibtherapies.com/content/4/1/7
Page 12 of 12
(page number not for citation purposes)
antiretrovirals versus antiretroviral therapy alone in asymp-
tomatic HIV-infected subjects.  Vaccine 2004, 22:2966-2973.
29. Bunce M, O'Neill CM, Barnardo MC, Krausa P, Browning MJ, Morris
PJ, Welsh KI: Phototyping: comprehensive DNA typing for
HLA-A, B, C, DRB1, DRB3, DRB4, DRB5 & DQB1 by PCR
with 144 primer mixes utilizing sequence-specific primers
(PCR-SSP).  Tissue Antigens 1995, 46:355-367.
30. Brander C, Goulder PJR: Recent advances in the optimization of
HIV-specific CTL epitopes.  In HIV Molecular Immunology Database
Los Alamos, New Mexico, USA:  Los Alamos National Laboratory:
Theoretical Biology and Biophysics; 1999. 
31. Alter G, Hatzakis G, Tsoukas CM, Pelley K, Rouleau D, LeBlanc R,
Baril JG, Dion H, Lefebvre E, Thomas R, Cote P, Lapointe N, Routy
JP, Sekaly RP, Conway B, Bernard NF: Longitudinal assessment of
changes in HIV-specific effector activity in HIV-infected
patients starting highly active antiretroviral therapy in pri-
mary infection.  J Immunol 2003, 171:477-488.
32. Altfeld M, Addo MM, Shankarappa R, Lee PK, Allen TM, Yu XG,
Rathod A, Harlow J, O'Sullivan K, Johnston MN, Goulder PJ, Mullins
JI, Rosenberg ES, Brander C, Korber B, Walker BD: Enhanced
detection of human immunodeficiency virus type 1-specific
T-cell responses to highly variable regions by using peptides
based on autologous virus sequences.  J Virol 2003,
77:7330-7340.
33. Horton H, Russell N, Moore E, Frank I, Baydo R, Havenar-Daughton
C, Lee D, Deers M, Hudgens M, Weinhold K, McElrath MJ: Correla-
tion between interferon- gamma secretion and cytotoxicity,
in virus-specific memory T cells.  J Infect Dis 2004,
190:1692-1696.
34. Betts MR, Brenchley JM, Price DA, De Rosa SC, Douek DC, Roederer
M, Koup RA: Sensitive and viable identification of antigen-spe-
cific CD8+ T cells by a flow cytometric assay for degranula-
tion.  J Immunol Methods 2003, 281:65-78.
35. Betts MR, Koup RA: Detection of T-cell degranulation: CD107a
and b.  Methods Cell Biol 2004, 75:497-512.
36. Wherry EJ, Ahmed R: Memory CD8 T-cell differentiation dur-
ing viral infection.  J Virol 2004, 78:5535-5545.
37. Addo MM, Yu XG, Rathod A, Cohen D, Eldridge RL, Strick D, John-
ston MN, Corcoran C, Wurcel AG, Fitzpatrick CA, Feeney ME, Rod-
riguez WR, Basgoz N, Draenert R, Stone DR, Brander C, Goulder PJ,
Rosenberg ES, Altfeld M, Walker BD: Comprehensive epitope
analysis of human immunodeficiency virus type 1 (HIV-1)-
specific T-cell responses directed against the entire
expressed HIV-1 genome demonstrate broadly directed
responses, but no correlation to viral load.  J Virol 2003,
77:2081-2092.
38. Peretz Y, Alter G, Boisvert MP, Hatzakis G, Tsoukas CM, Bernard NF:
Human immunodeficiency virus (HIV)-specific gamma inter-
feron secretion directed against all expressed HIV genes:
relationship to rate of CD4 decline.  J Virol 2005, 79:4908-4917.
39. Betts MR, Nason MC, West SM, De Rosa SC, Migueles SA, Abraham
J, Lederman MM, Benito JM, Goepfert PA, Connors M, Roederer M,
Koup RA: HIV nonprogressors preferentially maintain highly
functional HIV-specific CD8+ T cells.  Blood 2006,
107:4781-4789.
40. Younes SA, Yassine-Diab B, Dumont AR, Boulassel MR, Grossman Z,
Routy JP, Sekaly RP: HIV-1 viremia prevents the establishment
of interleukin 2-producing HIV-specific memory CD4+ T
cells endowed with proliferative capacity.  J Exp Med 2003,
198:1909-1922.
41. Valor L, Navarro J, Santamaria B, Rodriguez-Sainz C, Carbone J, Gil J,
Podzamczer D, González Lahoz J, Viciana P, Ocaña I, Clotet B, Rubio
R, Pulido F, Moreno S, Maradona J, Quereda C, Blazquez R, Ferrer E,
Díaz M, Jou A, Sirera G, Peña J, Gijón P, Gatell J, López F, Desco M,
Fernandez-Cruz E: Therapeutic vaccination with Remune
induces polyfunctional CD8+ HIV-1 specific T cell responses
in HIV-1 chronic infection.  XVI International AIDS Conference 2006,
Abstract no. :TUPE0034.